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INTRODUCTION 
The losses due to plant parasitic nematodes on 
various crops have been estimated by various workers 
(Steiner, 1951, Powell, 1963, Wollenweber, 1923, Mulvey 
and Stone, 1976, Southey and Samuel 1954, Lownsbery and 
Thomason, 1959 etc.). These losses are further 
compounded when plant parasitic nematodes are associated 
with other disease causing agents (Powell, 1963). In the 
United States, Steiner (1951) estimated that the plant 
nematodes cause losses upto $400-500 million annually to 
different crops. In England and Wales, the losses due to 
potato cyst nematode, Heterodera rostochiensis. 
Wollenweber, 1923, [(now Globodera pallida. Globodera 
rostochiensis (Wollenweber, 1923, Mulvey and Stone, 
1976)] were to the extent of 20 million pounds (Southey 
and Samuel, 1954) . Lownsbery and Thomason (1959) 
reported a loss of half a million dollars in walnuts due 
to Pratylenchus vulnus. Allen and Jensen, (1951) , and 
Allen and Maggenti (1959) estimated total annual losses 
to the extent of 90 million dollars to various crops 
resulting from the attack of several nematodes in U.S.A.. 
According to Cairns (1955), the losses due to plant 
parasitic nematodes on various crops amounted to 50 
million dollars. Hutchinson e£. al; (1961) and Taylor 
(1967) estimated them to be from $250,000,000 to $ 375, 
000. Losses due to nematodes in farm values were 
accounted to be $ 1,038,374,300 in field crops (16 
crops); $ 266, 989, 100 in vegetable crops (24 crops); $ 
225, 145, 900 in fruit and nut crops (23 crops) and $ 
59,817,634 in ornamental crops (all crops) annually 
(Feldmesser et. ^ ., 1971) in the world. Annual crop 
losses due to Heterodera avenae Wollenweber, 1924, have 
been estimated to be DKr 50 million in Denmark,-^2 
million in Britain and Skr 50 million in Sweden and 
several million dollars in Australia. According to 
Padwick (1950), the damage caused by Ditylenchus 
angustus (Butler, 1913) Filipjev, 1963 in East Pakistan 
(now Bangladesh) ranged from Rs.62 / hectare to 
Rs.86/hectare. Sitterly and Fassuliotis (1965) reported 
losses upto $ 2500/hectare due to severe attack of 
Meloidogyne incognita acrita Chitwood, 1949 in South 
Carolina. Losses to Soyabean to the extent of 10% (Good, 
1968) and tobacco to of $ 10 million annually by 
nematodes have also been reported (Daulton, 1963). 
Although, the exact figures on losses due to 
Rotvlenchulus reniformis Linford and Oliveria, 1940 are 
not available but it is well recognised that this 
nematode is responsible for reducing the crop yield to a 
great extent in tropics and subtropics (Smith and 
Taylor, 1941; Steiner, 1951; Jones £t ai•, 1959; Martin, 
1960; Ayala, 1961 and 1962; Ayala and Ramirez, 1964; 
Birchfield, 1962 and 1967; Birchfield and Jones, 1961; 
Chandrasekharan, 1964; Birchfield and Brister, I960; 
^ Nath s£ ^ - . 1969; Oteifa, 1970; Khan and Khan, 1969; 
Sivakumar and Seshadri, 1972; Hutton and Hammerton, 
1975; Murlidharan and Sivakumar, 1976; Castillo et ai., 
1978; Heald, 1975 and 1978; Rebois et al., 1978; Gupta 
and-Yadav, 1978 and Heald and Stein, 1981). 
It is, therefore, recognised that nematodes are a 
bane to crop production not only when present alone but 
also in association with other disease causing agents 
forming disease complexes. The literature on 
interrelationship of nematodes with other disease 
causing agents in the disease complex situation has been 
reviewed by Powell (1963, 1971 a and b, and 1979); 
Pitcher (1963 and 1965); Raski and Hewitt (1963); Miller 
(1965); Mountain (1965); Weischer (1968a); Brzeski 
(1970); Bergeson (1972); Taylor and Brown (1981); Khan 
(1981) and Pitcher (1982). 
During survey of nematodes associated with 
vegetables in and around Aligarh, it was observed that 
there were patches in the field, where the eggplants 
were badly damaged as compared to nearby plants in the 
same field. A visual examination of roots of these 
plants, however, did not reveal the presence of root-
knot nematode, but roots were found damaged with rqot-
rot fungus. Isolation of nematodes from roots and soil 
and fungus from roots of such plants indicated a heavy 
infestation and predominant population of Rotylenchulus 
reniformis and Rhizoctonia solani Klihn. However, in 
other areas in the same field where the population of 
reniform nematode was poor, the damage due to fungus was 
not very significant. Hence, it became necessary to 
study whether this aggravated damage was casual or due 
to interaction of the reniform nematode and the fungus 
on vegetables. With this aim in view, it was considered 
desirable to make systematic studies on the interaction 
between R. reniformis & R. solani on cowpea. The 
detailed plan of work is give on page-
1. Isolation of rhizosphere fungi from cowpea at 
different intervals from seed germination to 
maturity and population fluctuation of nematodes 
including infestation of Rotvlenchulus reniformis 
from field near the University. Identification of 
fungi pathogenic cowpea. 
2. Effect of five predominant saprophytic rhizosphere 
fungi on cowpea when inoculated alone, with 
nematode and with nematode together pathogenic 
fungi, 
a) Effect of different inoculum levels of 
saprophytic & pathogenic fungi on seed 
germination, seedling growth. 
b) Effect of different inoculum levels of R. 
reniformis on seedling emergence and growth. 
c) Effect of concomitant population of different 
fungi and nematode on seedling emergence and 
growth. 
d) Effect of concomitant population of a 
saprophytic fungus separately, nematode, 
pathogenic fungus on seedling emergence and 
growth. 
3) Effect of culture filtrates of saprophytic and 
pathogenic fungus on nematode. 
4) Effect of dipping the seedling in the culture 
filtrate of different fungi on entrance of the 
nematode. 

REVIEW OF LITERATURE 
Root system, irrespective of the nature of plant 
species, is constantly exposed to a number of biotic and 
abiotic componants of the environment. Biotic componants 
include soil inhabiting micro-organisms which are 
capable of developing various kinds of inter-
relationships among themselves as well as with higher 
plants. Such interactions may be beneficial or 
deleterious to the plants. 
The nematodes, among the micro-organisms, form a 
important component (12% of soil microflora and fauna) 
of the soil ecosystem. Plant parasitic nematodes by 
themselves are quite capable of causing serious plant 
diseases but in association with other soil micro-
organisms, often become much more destructive. Several 
such naturally occuring associations have been reported 
from different parts of the World on several crop 
plants. Plant-parasitic nematodes have been implicated 
in such associations to play different types of role 
(Pitcher, 1965) where the nematodes may act as: 
i) Vectors of pathogens-capable of self establishment 
once in contact with other host; 
i i ) Vectors of p a t h o g e n s - i n c a p a b l e of s e l f 
e s t ab l i shmen t u n l e s s i n t r o d u c e d below the 
epidermis; 
i i i ) Mechanical wound agents ; 
iv) Providers of necro t ic i n f e c t i o n cour t s ; 
v) Modifiers of the s u b s t r a t e ; 
vi ) Breakers of disease r e s i s t a n c e and 
v i i ) Deterrents of plant d i s e a s e . 
I n v e s t i g a t i o n s on nematode-fungus, nematode-
b a c t e r i a l , nematode-virus and nematode-nematode 
i n t e r a c t i o n s have been rev iewed from time t o time 
(Pi tcher , 1963; 1965; Powell, 1963, 1971 a, b; Miller , 
1975; Weischer, 1968; Bergeson, 1972; Norton, 1978; 
Taylor and Brown, 1981) . But the losses increased by 
nematode-fungus i n t e r a c t i o n i s enormous and utmost 
importance. Powell (1971) ca tegor ized nematode-fungal 
i n t e r a c t i o n s in to three broad c a t e g o r i e s : 
(A) NEMATODE-FUNGUS WILT DISEASE INTERACTIONS; 
(B) NEMATODE-FUNGUS ROOT-ROT DISEASE INTERACTIONS AND 
(C) NEMATODE-FUNGUS SEEDLING DISEASE INTERACTIONS. 
Atkinson (1892), for th^ first time, observed and 
reported increased severity of fusarium wilt due to the 
infection of root-knot nematode (Meloidogyne spp.) on 
cotton. A similar interactions with root-knot nematode 
and root infecting fungi on tomato was reported by young 
(1931). Ross (1965) noticed wilting of 'Jackson' soybean 
in unfumigated plots due to Fusarium oxysporum 
Schlechtendahl, while plants were wilt free in plots 
fumigated with nematicide. Webster (1975) reported 
aggravation of fusarium wilt on tomato in the presence 
of MeloidoQvne incognita. Liburd and Mai (1976) noticed 
that the simultaneous inoculation of tomato with M. 
incognita and F. oxysporum f. lycopersici (Sacc.) Snyder 
and Hansen resulted in earlier appearance of wilt 
symptoms and increased incidence of disease compared to 
the plants inoculated with fungus alone. Costache et 
al., (1978) observed that infection of M. incognita 
increased the susceptibility of cucumber plants to F. 
oxysporum f. cucumerinum. Association of M. incognita 
and F. oxysporum f. vasinfecMim (Atkinson) Snyder and 
Hansen on cotton increased the probability of fungal 
infection which was, however, not severe in the absence 
of nematodes (Garber ££ al., 1979). Lopes and Lordello 
(1979) observed that interaction of M. incognita and jF. 
solani (Martins) Appel and Wollenweber f. piperi was 
more destructive than either of the pathogens alone to 
Piper nigrum L. 
Newhall (1958) obtained doubling of wilt caused by 
F. oxysporum f. cubens (E.F.S.) Snyder and Hansen in the 
presence of Radooholus similis (Cobb, 1893) Thorne, 
1944 in the soil. Cooper and Brodie (1962, 1963) pointed 
out that Belonolaimus lonaicaudatus (Steiner, 1949) Rau, 
1958 was as important as root-knot nematode in promoting 
fusarium wilt caused by F. oxysporum f. vasinfectum in 
cotton. Presence of Hoplolaimus seinhorsti Luc, 1958 and 
F. oxysporum f. vasinfectum suppressed the root growth 
of Gossypium hirsutum L. (Shanmugam et al., 1977). 
Roy (1977) observed that inoculation of tomato 
with Globodera rostochiensis followed by R. solani or 
Colletotrichum coccodes resulted in higher reduction in 
growth than in simultaneous inoculations. Similar 
results were obtained with G. rostochiensis. R. solani 
and Q. atramentarium (Berk, and Br.) Taub.. on tomato 
(Dunn and Hughes, 1964 and Dunn, 1968 and 1970) and M. 
incognita with R. solani on okra (Chhabra gt al., 1977). 
Carter (1975) reported that synergistic 
interaction between M. incognita and R. solani on cotton 
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increased with the increase in particle size of the 
soil. 
Golden and Van Gundy (1972) studied the 
interaction of M. incognita with R. solani and 
Thielaviopsis basicola zopf on tomato and observed that 
M. incognita induced changes in the permeability of 
infected tomato roots resulting in increased leakage of 
electrolytes and organic compounds which consequently 
increased the growth of both the fungi. In another study 
on interaction of M. incognita and R^ solani on tomato 
and okra, Golden and Van Gundy (1975) pointed out that 
R. solani penetrated directly or through the injuries 
caused by mature females of nematode and the galled 
tissues were badly colonised by the fungus with the 
development of sclerotia on them. 
Carter (1980) observed that simultaneous 
inoculation of cantaloup (Cucumis melo) with 
Macrophomina phaseolina and reniform nematode, 
Rotylenchulus reniformis. considerably increased the 
parasitism of the former, Kumar and Sivakumar (1981) 
reported that when R. reniformis and R. solani were 
present together, okra plants succumbed to wilt at an 
early stage but when the nematode infection preceded 
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fungus, wilting occured earlier than when the plants 
were inoculated first by the fungus. 
Hazarika and Roy (1974) studied the effect of R. 
solani on the reproduction of Meloidocryne incognita on 
eggplant and found that the two pathogens acted 
synergistically in causing plant damage but in the 
presence of fungus, nematode reproduction was enhanced. 
Similar results were obtained by Varshney (1982) on 
cowpea, when inoculated with M. incognita and R.solani. 
Azam et ai- (1977) pointed out that extracts of 
root-knot nematode infected roots when incorporated into 
agar medium resulted in significant increase in radial 
growth of R. solani. Pythium spp. and Colletotrichum 
atramentarium in comparison to extracts of healthy 
roots. The radial growth of all three fungi was more in 
a medium having extracts obtained from roots inoculated 
with 5000 larvae. 
ADDITIVE INTERACTION : 
Additive effects occur when the plant damage 
observed corresponds to the sum of the effects of the 
nematode and fungus separately. 
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Doyle et al., (1987), in field experiments in 
Australia, investigated the cause of wheat yield 
decline. Pratylenchus thomei was thought to be involved 
with Bipolaris sorokiniana in causing root-rot. The 
damage to crops was simple additive effect. Other 
examples of additive interaction involving a nematode 
and fungus are as follows : 
Inoculation of potato with M. incognita and/or R. 
solani reduced shoot weight significantly; maximum 
reduction in multiplication occured when R. solani was 
inoculated before M. incognita. (Sharma and Gill 1979). 
Edward and Singh (1979) pointed out that Heterodera 
caiani alone caused ' less damage than when associated 
with Fusarium udum. Prasad and Padaganur (1980) observed 
that Verticillium wilt infected plants were associated 
with high populations of Rotylenchulus reniformis 
causing greater damage to cotton, when bean plants, 
Phaseolus vulgaris were inoculated with Uromyces 
phaseoli and Meloidogyne incocmita. There was greater 
damage to plants than either of the two pathogens alone 
(Bookbinder and Bloom 1981). 
Vaishnav and Sethi (1981) reported that 
inoculation of bajra (Pennisetum tvphoides)' with 
Sclerospora qraminicola and Meloidogyne incognita 
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resulted in the increase of the disease manifold. Ram 
Nath and Dwivedi (1981) observed early appearance of 
wilt syti^ toms of gram wilt by Fusarium oxysporum. when 
plants were also inoculated with root-knot nematode, 
similarly, there was early appearance of root-rot 
symptoms caused by Rhizoctonia solani in the presence of 
root-knot nematode. Similar case was reported by 
Upadhyay and Dwivedi in 1987. Interaction of Meloidoayne 
incognita and Rhizoctonia solani in a root-rot disease 
complex of frenchbean resulting in greater damage was 
observed by Reddy et. ai; (1979) . 
Sharma et al; (1980) pointed out that M.incognita 
and R. bataticola caused greater damage than either of 
the pathogens alone on okra. But, on the other hand, 
Sharma and Gill (1980) failed to get interaction between 
M. incognita and R. solani on potato, another 
interactions of Verticillium dahliae. Colletotrichum 
coccodes. Rhizoctonia solani and Pratylenchus penetrans 
in the early dying syndrome of Russet Brubank potatoes 
has also been observed by Kotcon et al; (1989) . They 
found that the stem colonization was a more sensitive 
measure of soil infestation by V. dahliae than was the 
amount of root colonization. Similarly Coosemans (1981), 
while inoculating Imoatiens balsamina with Pratvlenchus 
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penetrans and Verticillium spp. found that inoculation 
with both Verticillium spp. alone and with nematode 
Pratylenchus penetrans resulted in wilting of plants 
with more wilting in the inoculations with both the 
organisms. Al-Hazmi (1986) while studying interaction of 
Meloidoqyne incognita and Macrophomina phaseolina in a 
root-rot disease complex of frenchbean observed the 
severity of Macrophomina root-rot of bean (Phaseolus 
vulgaris^ increased when the nematode was introduced 2 
weeks before the fungus as compared with that caused by 
fungus alone. However Goel and Gupta (1986) pointed out 
that the number of root galls caused by Rhizoctonia 
bataticola was significantly reduced when the nematode 
was inoculated 7 days before the fungus. 
Harris and Ferris (1991) reported greater 
incidence and severity of Fusarium wilt in the presence 
of Meloidogyne incognita or M. iavanica. There was 
specificity of the taxa-that isolate of Meloidogyne 
i avanica increased more wilt symptoms in cowpea (Vigna 
unguiculata). Likewise Wheeler and Riedel (1994) while 
working on interactions between Pratylenchus penetrans. 
P.scribneri and Verticillium dahliae on the potato found 
that population density of P. penetrans was affected 
only by V. dahliae. 
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Sankaralingam and McGawley (1994) observed that 
infection of cotton seedlings with Rotylenchulus 
reniformis increased when plants were also inoculated 
with Rhizoctonia solani. 
SYKERGISTIC INTERACTION : 
Synergistic interactions between nematode and 
fungus have been observed by various workers which are 
summarised as follows -
Reynolds and Hanson (1957) reported greater 
severity of post-emergence damping-off in cotton caused 
by R. solani in the presence of M. incognita acrita. 
Likewise Norton (1960) observed that the presence of M. 
incognita acrita resulted in more pre-emergence damping-
off of cotton caused by Fusarium oxysporum f. sp. 
vasinfectum (Atk.) Snyder and Hansen, Pythium debaryanum 
Hesse and R. solani. 
The mortality of cotton seedling was more when 
inoculated with R.solani. Pythium debaryanum and root-
knot nematode (White, 1962; and Brodie, 1963). 
Inoculation of coffea arabica with Meloidogyne exigua 
Goeldi, 1887 preceding R. solani caused more root-rot 
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and defoliation than when inoculated with the two 
pathogens simultaneously or separately (De'Souza, 1978). 
The increase in damage appeared to be a physiological 
response of the plants to nematode infection, making the 
roots more susceptible to invasion by the fungus (Brodie 
and Cooper, 1964). 
Dunn and Hughes (1964) showed synergistic 
interactions between Globodera rostochiensis and 
Rhi^octonia solani or Colletotrichum atramentarium on 
tomatoes. Stover (1966) suggested that Fusarium solani 
and Rhizoctonia spp. may contribute to the extension of 
lesions in banana roots caused by R. similis and even to 
the death of roots. The interaction between cyst 
nematode and R. solani. Colletotrichum atramentarium and 
Aphanomyces cochloides in root-rot of sugarbeet (Whitney 
and Doney, 1973) and M. incognita with C.atramentarium. 
Pvthium spp. and R. solani on eggplant have also been 
reported (Azam, 1975) . In the later case more damage was 
also observed when nematode inoculation was followed by 
fungal, similar type of damage was observed by Reddy gt 
aX- (1979), on combined inoculations of Phaseolus 
vulgaris with J^. incognita and R. solani. 
Prasad ^ al. (1980), reported that in association 
of Corticium rolfsii and Meloidogyne incognita in the 
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wilt con5)lex of Solanum Ichasianum. 42% of the plant 
wilted where the fungus and nematode were combined; 
12.5% wilted with the fungus alone and no wilt occured 
in the nematode alone. The cultivars of eggplant was not 
susceptible to Fusarium oxysporum unless Meloidocryne 
incognita was also present (Smits and Noguera, 1982). 
Nordmeyer and Sikora (1984), while studying the 
interaction between Heterodera daverti. Fusarium 
avenaceum and Fusarium oxysporum on Trifoliam 
subterraneum. found that when the nematode was 
inoculated after fungus, there was reduction plant dry 
weight much more than the reduction in the sum total 
caused by the two pathogens.'Chahal and Chhabra (1984) 
observed that as a result of interaction of Meloidocryne 
incognita with Rhizoctonia solani. severe damages to 
different crops have been observed much more than the 
sum total of the damages done by the two pathogens 
separately. 
Hasan (1985) pointed out that Fusarium solani. 
Pythium aphanidermatum and Rhizoctonia solani when 
inoculated on chillies with VI. incognita resulted in the 
break of fungal resistance to of plants to rotting of 
ginger roots by P.myriotylum was equally severe in the 
presence or absence of M.incognita but the presence of 
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the fungus decreased nematode reproduction(Lanjewar and 
Shukla, 1985) . Several species of root-rot fungi seemed 
to interact with M.incognita(and M.hapla)on maize, and 
soil fumigation usually decreased disease severity 
(Sumner st ai; 1985). Abu-El-Amayem et.al;(1985) showed 
an interaction of the same two organisms on soyabeans. 
Hasan (1985) reported loss of resistance to 
Meloidoqyne incognita in two chilli cultivars infected 
with Rhizoctonia solani or Pythium aphani derma turn. Hasan 
and Khan (1985) found that tomato cultivars could lose 
resistance to VL. incognita in the presence of 
R.solani and Sclerotium rolfsii. Similarly, Khan and 
Hussain, (1989), reported inoculation of cowpea with 
M. incognita and R^ solani also led to breakdown of 
resistance to both organisms. Khan and Hussain (1989) 
also reported similar case of break in resistance to 
fungus in cowpeas, by nematode M^ incognita. 
Mani and Sethi (1987), reported greater damage 
occuring if the nematode infection was established 
before inoculation of the fungus and the greatest 
decrease in plant dry weight occured if the plants were 
inoculated with nematode two weeks before the 
inoculation with the fungus (Varshney e£ al; 1987). 
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Although ginger was susceptible to root-rotting caused 
by £. aphanidermatum. or by F_^  solani. but prior 
infection with iL. incognita appeared to prevent rotting 
caused by P.aphanidermatum whereas the rotting caused by 
F_^ solani became more severe in the presence of nematode 
{Doshi and Mathur, 1987). A combination of Pratylenchus 
braehyurus cuid Pratylenchu^ zeae interacted with the 
root-rot fungus, Fusarium moniliforme, on maize to cause 
more severe effects on plant growth than from nematodes 
or fungus alone (Jordaan e£. al; 1987) . 
Swain gt al. (1987) , showed that as a result of 
interaction between Meloidoayne incognita and 
Pseudomonas solanacearum on brinjal, there was greater 
damage to brinjal and break of resistance. 
Kumar gt ^ ; (1988), while reporting interaction 
between MglQidqgyng incognita with Fusarium oxvsporum on 
chickpea, pointed out that both Meloidogyne incognita and 
s^^ J^ iyttn 9xygpQr^m reduced the plant weight much more 
than the damage done by two pathogens. 
The amounts of rotting caused in chrysanthemum 
roots by Pythiyim aphanidermat-um and Rhizoctonia solani 
increased in the presence of Pratvlenchus coffeae. and 
were further increased when plants were attacked by all 
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th ree organisms (Hasan, 1988) . Similar in te rac t ion has 
been reported between Meloidoavne incogni ta (race 4) and 
i s o l a t e s of Rhizoctonia solani on Phaseolus vulgar is ev 
Rico 23 (Costa £ t a l ; 1988). 
Varshney £t. a l ; (1988) whi le working on the 
i n t e r a c t i o n s between Meloidogyne incoomita. Rhizoctonia 
so lani and Rhizobium species on cowpea, observed tha t 
t h e i n o c u l a t i o n of p l a n t s wi th Meloidogyne and 
Rhizoctonia resu l t ed in reduction in nodulation due to 
Rhizobium. Likewise Hasan (1988) found tha t d i s e a s e 
s eve r i t y due to P. aphanidermatum or R. solani increased 
wi th i n c r e a s i n g inoculum l e v e l s of the nematode, 
Pratylenchus coffeae. 
Sheela and Venkitesan (1990) pointed out that M. 
i n c o g n i t a in combinat ion wi th t h e Fusarium spp. 
suppressed the growth of blackpeppervine which was more 
than tha t suppressed due to the fungus alone. Likewise 
broadleaf of tobacco p lan ts when inoculated with tobacco 
c y s t (Globodera tabacum tabacum) or roo t -kno t 
(Meloidogyne hapla) nematodes before or a t the same time 
as Fusarium oxysporum. r e su l t ed in g r e a t e r Fusarium wi l t 
i n c i d e n c e and s e v e r i t y than t h o s e inocu la t ed 
s i m u l t a n e o u s l y (La Mondia, 1992) . M. i ncogn i t a 
i n o c u l a t i o n wi th Fusarium oxysporum f. sp . udum on 
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pigeonpea not only resulted but in severity of disease 
suppressed the growth of pigeon pea including bacterial 
nodules (Dwivedi £t al; 1992). 
Sachan et al; (1994) reported reduction in shoot 
and root length and increased severity of pigeon pea 
when inoculated with Fusarium oxysporum f. sp. udum and 
Meloidogyne javanica than either of the alone. Similar 
results have been obtained with Meloidogyne incognita 
and Fusarium oxysporum f. sp. phaseoli on selected bean 
genotypes, resulting in increased in the severity of 
Fusarium wilt much more than either of two pathogens 
alone (France and Abawi, 1994). 
ANTAGONISTIC INTERACTION : 
Antagonistic interactions between the two 
organisms are of great practical significance. Hussey 
and Roncadori (1978) observed that the interaction 
between Pratylenchus brachyurus and Gigospora margarita 
on cotton, resulted in stimulating the growth of cotton 
plant despite the presence of nematode (Pratylenchus 
brachvurus). Likewise Khan et al; (1978) while studying 
the mixed inoculations of Meloidogyne incognita and 
Tylenchorhynchus brassicae on tomato, adversely affected 
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the mu l t i p l i c a t i on ra te of both the nematodes. In the 
p r e sence of T. b r a s s i c a e m u l t i p l i c a t i o n r a t e of M. 
i n c o g n i t a was suppressed. Kellam and Schenck (1981) 
while working on the in te rac t ions between a vesicular-
arbuscular mycorrhizal fungus and root-knot nematode on 
soyabean found that the mycorrhizal fungus reduced the 
g a l l s . Cooper and Grandison (1986) reported in te rac t ion 
of ves icu la r -a rbuscular mycorrhizal fungi and root-knot 
nematode on c u l t i v a r s of tomato and white c lover 
suscep t ib le to Meloidogyne hapla. They showed that the 
mycorrhizal infected plants were more r e s i s t a n t than non 
mycor rh i za l p l a n t s to r o o t - k n o t nematode. S imi la r 
influence of a mycorrhizal fungus, Glomus fasciculatum on 
the h o s t - p a r a s i t e r e l a t i o n s h i p of Rotylenchulus 
reniformis has been reported on cowpea (Lingaraju and 
Goswami, 1993) . I n t e r a c t i o n betweeen v e s i c u l a r -
arbuscular mycorrhiza and Meloidogyne javanica on tomato 
as i n f l u e n c e d by time of i n o c u l a t i o n , r e s u l t e d the 
populat ion of M. javanica was i nh ib i t ed by VAM fungi 
(Sundarababu Qt a l ; 1993). S imi lar ly the effect of 
d i f f e ren t l eve l s of moisture on the in te rac t ion of 
Glomus fasciculatum with Meloidogyne incognita on cowpea 
and found t h a t maximum growth of the cowpea plant was 
observed a t 70% moisture level (Santhi and Sundarababu, 
1993) . Sankaranarayanan and Sundarababu (1994) while 
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studying the interaction of Glomus fasciculatum with 
Meloidoovne incognita inoculated at different timings on 
blackgram (Viona mungo), controlled the population of M. 
incognita in the presence of G. fasciculatum. 
Interactions of Heterodera glycines. Macrophomina 
phaseolina and mycorrhizal fungi on soyabean showed 
antagonistic interaction (Winkler et al; 1994) . 
Sitaramaiah and Sikora (1982) observed G. 
fasciculatum increased the resistance of tomato plants 
to R. reniformis infestation. Hasan and Khan (1986) 
reported the effect of Rhizoctonia solani. Sclerotium 
rolfsii and Verticillium dahliae on the resistance of 
tomato to Meloidogyne incognita and found that V. 
dahliae reduced the resistance of all 3 cultivars while 
egg production was highest where seedlings were 
inoculated with the fungi. Similar association of 
Verticillium chlamydosporium and Paecilomyces lilacinus 
with root-knot nematode infested soil has been reported 
on tomato (Gasprad et al; 1990). 
Mertens and Stirling (1993) reported parasitism of 
Meloidogyne species on grape and kiwifruit by the fungal 
egg parasites Paecilomyces lilacinus and Verticillium 
chlamydosporium. They suggested the egg parasitic fungi 
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had'little impact on root-knot nematode populations and 
that the fungi were mainly eliminating nematodes in 
excess of the carrying capacity of the root system. 
Lanjewar and Shukla (1985) studied the interaction 
between Pythium myriotylum and Meloidoayne incognita in 
soft-rot complex of ginger and found that Pythium 
myriotylum was antagonistic to the nematode, Meloidogyne 
incognita. 
Perez Sendin et al; (1986) pointed out that in 
combined inoculation of soybeans with Rhizoctonia solani 
and Meloidogyne incognita, the fungal infection index 
for the roots was significantly less than those 
inoculated with the fungus alone. Kanwar et al; (1987) 
also observed that nematode reproduction was less when 
the plants were inoculated with M. incognita and R. 
solani. A similar effect on reproduction of M. iavanica 
on peanuts was found when R. bataticola or Pusarium 
solani was added with the nematodes, R. bataticola 
being more antagonistic to the nematodes (Sakhuja and 
Sethi, 1986). Several species of fungi minimised the ill 
effects of Heterodera schachtii on sugar-beet and M. 
iavanica on tomato, these fungi also reduced the 
nematode multiplication (Qadri and Saleh, 1990) . 
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Walia and Gupta (1986 b) observed that Rhizoctonia 
b a t a t i c o l a inh ib i t ed the mu l t i p l i ca t i on of cyst 
nematode, Heterodera ca jani on cowpea (Vigna 
unquiculata) in combined inoculation. If R. solani was 
added to cowpea before H. cajani, nematode reproduction 
was severely depressed (Walia and Gupta, 1986 a, 1986 
b) . 
Khan et ^ ; (1984 b) used culture f i l t r a t e s of 
eight species of Aspergillus and showed that they a l l 
decreased hatching and k i l led hatched juveniles of M. 
incogn i t a . Similar r e s u l t s have been reported with 
culture f i l t r a t e s of Sclerotium ro l f s i i and Rhizoctonia 
solani on Meloidooyne javanica (Ali, 1989). 
Overstreet et. al.; (1990) reported i n t e r ac t i ons 
between Calonectria crota lar iae and Heterodera glycines 
on soyabean and found tha t the nematode and fungus 
i n t e r a c t i o n was an t agon i s t i c to soyabean. Likewise 
Sankaralingam and Mc Gawley (1994) while studying the 
i n t e r r e l a t i o n s h i p s of Rotylenchulus reniformis with 
Rhizoctonia solani on cot ton , found tha t combined 
effects of these pathogens were antagonistic to the 
plant growth. 
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Zaki and Bha t t i (1990) s t u d i e d the e f f e c t of 
cas tor (Ricinug connnunis) and the biocontrol fungus, 
Paecilomyces l i l a c i n u s on Meloidogyne j a v a n i c a . They 
found tha t fungus cultured on gram seed or castor a t the 
optimum f e r t i l i z e r dose a lone reduced the nematode 
populat ion. 
Crump and I rv ing (1992) wh i l e s e l e c t i n g the 
i s o l a t e s and methods of c u l t u r i n g V e r t i c i l l i u m 
chlamydosporium and i t s eff icacy as a biocontrol agent 
of beet and potato cyst nematodes, showed no s ign i f ican t 
d i f f e r e n c e s in pa thogenec i ty t o Hete rodera s c h a c h t i i 
with the fungus, P. l i l a c inus t reatment was found b e t t e r 
a g a i n s t M. incogn i t a whi le B. s u b t i l i s a g a i n s t M. 
phaseol ina. The combined inocula t ion of P. l i l a c i n u s and 
B. s u b t i l i s on chickpea improved dry shoot weight 
s ign i f i can t ly when plants were simultaneously inoculated 
e i t h e r with M. incognita or M. phaseol ina or with both 
(Siddiqui and Mahmood, 1993). 
Chahal and chahal (1994) whi le s tudy ing 
Trichoderma harzianum as a b iocon t ro l agent for the 
c o n t r o l of d i s e a s e complex formed by Meloidogyne 
incognita and Fusarium oxysporum on pea (Pisum sativum 
L . ) , showed t h a t T. harzianum. reduced the d i s e a s e 
i n t e n s i t y on pea plants which was caused by M. incognita 
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and £. oxysporum. Similarly Alanwalters and Barker 
(1994) reported efficacy of Paecilomyces lilacinus in 
suppressing Rotylenchulus reniformis on tomato.'^ 
Sosairana gt ai; (1994) also confirmed the efficacy 
of Paecilomyces lilacinus in suppressing the population 
of burrowing nematode, Radopholus similis infesting 
betelvine plant. 
Rhizosphere zone of plants harbours not only 
nematodes but other micro-organisms. (Henderson and 
Katznelson, 1961; Rouatt, Peterson e£. ai; 1963, 
Agnihothrudu, 1955, Mitchell and Alexander, 1961, Arya 
and Saxena, 1988 and 1994). 
Henderson and Katznelson (1961) reported that soil 
of Fusarium species were most frequently isolated from 
rhizosphere of soybeans (Rouatt, Peterson, et al; 1963) 
with Cvlindrocarpon. Rhizoctonia. Mucor and Rhizopus 
also appearing in substantial numbers. The rhizosphere 
fungi have played an important role in the development 
of fungal diseases. 
Agnihothrudu (1955) isolated Streptomyces ariseus 
(the most abundant and inhibitory to Fusarium udum). S. 
erythrochromoaenus. and species of Nocardia and 
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Micromonospora from the rhizosphere of pigeon pea 
resistant to Fusarium udum and concluded that the 
mycoflora might be related to resistance in plant. 
Mitchell and Alexander (1961) reported that 
Fusarium oxysporum. Pseudomonas mycophaga isolated from 
the.rhizosphere of lucerne and clover caused lysis of 
Fusarium oxysporum. a serious pathogen. The incidence of 
disease was minimised. 
Arya and Saxena (1988 & 1994) observed that 
rhizosphere fungi such as Aspergillus niger. Pythium 
aphanidermatum adversely affected the root-knot 
nematode, Meloidocryne incognita. Some of the fungi, in 
which they tested, adversely affected the seed 
germination. The interaction between root-knot nematode 
and. the fungus, R. solani was also affected by 
rhizosphere fungi, Trichoderma viride and Trichothecium 
roseum minimised the losses done by the root-knot 
nematode and fungus on tomato. 
In view of the fact that habitat of both nematode 
and fungi mentioned in the disease complex in 
rhizosphere which is harboured by large number of 
saprophytic fungi and also that rhizosphere mycoflora 
have influenced the disease severity caused by fungi, it 
is necessary to screen the rhizospheric fungi against 
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the. disease complex involving Rotylenchulus reniformis 
and Rhizoctonia solani. which are two very important 
pathogens on cowpea plant. 
The present study is aimed in this direction. 
************** 
& 
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MATERIALS AMD METHODS 
PREPARATIOH AMD STERILIZATIOM OF SOIL MIXTURE 
Sandy loam soil collected from a fallow field of 
Aligarh Muslim University, farro will be sieved through 16 
mesh sieve and mixed with sieved river sand and organic 
manure in the ratio of 3:1:1. Throughout the course of 
studies, unless stated otherwise, 15 cm earthenware pots 
will be filled with this soil mixture at the rate of 1 
kg/pot. The soil will be sterilized in an autoclave for 
20 minutes at 20 lbs psi. 
RAISING AND MAIMTEMANCE OF TEST PLAMTS 
Seeds of cowpea cv. Pusa Barsati, surface 
sterilized with 0.1% mercuric chloride for 2 minutes and 
washed thrice in sterilized water, will be bacterized 
with cowpea strain of Rhizobium before sowing. For 
bacterization the culture of the Rhizobium will be mixed 
with sugar solution (5%). Seeds after having sterilized 
will be transferred to this solution for 30 minutes, and 
dried at room temperature. These seeds will be sown in 
sterilized soil contained in earthenware pots at the 
rate of 5 seeds/pot. After five days of their 
germination thinning will be done so as to have only one 
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plant/pot. Watering will be done whenever required. One 
week old, well estciblished and healthy seedlings will be 
used for experimental purposes throughout the course of 
investigations, unless stated otherwise. 
RAISING AMD MAIMTKNAMCE OP PURE CULTURE OF NEMATODE. R. 
Eggs picked/ egg masses of gravid female will be 
placed in sterile distilled water for hatching. The 
fourth stage larvae will be transferred near the root 
zone of the test plant grown in autoclaved soil. After 
three weeks of inoculation the soil and the roots will 
be examined to confirm the multiplication of the 
nematode. From the culture thus obtained, large number 
of sub - cultures will be prepared by inoculating the 
seedlings subsequently with the inoculum so raised. The 
fourth stage larvae/ young females will be used for 
inoculating plants. 
RAISING THE INOCULUM OF FUNGI 
The fungi will be grown in Richard's solution -
(*Riker and Riker, 1936) contained in 250 ml. Erlenmeyer 
flasks. The flasks will be shaken on culture shakers. 
The contents of 20-days old flask will be filtered 
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through Whatman filter paper No. 1. The mycelial mat 
will be used for inoculating the seedlings of cowpea. 
The filtrate will be used to study the effect of culture 
filtrate on hatching and mortality of nematodes. 
RICHARD'S SOLUTION * 
Potassium nitrate 10.0 gm 
Potassium dihydrogen phosphate 5.0 gm 
Magnesium sulphate 2.5 gm 
Ferric chloride 0.02 gm 
Sucrose 50.0 gm 
D.D.W. 1000.0 ml. 
ISOLATION OF R.reniformis FROM ROOTS AND SOIL : 
The roots of plants grown in infested soil will be 
washed in running water. These roots will be weighed and 
macerated in waring blender, the contents will be poured 
over a coarse sieve contained in petridish. The larvae 
will be collected and counted. The content left over the 
sieve will be examined for nematode in other stages of 
development. 
The soil around the roots will be collected and 
mixed properly by cone method. 250 ml of soil in a 
beaker will be processed for isolation of nematodes 
larvae by Cobb's and sieving method. 
About 250 gm of soil will be taken in a plastic 
pan (bucket) and a soil suspension will be made by 
adding one litre tap water and breaking the soil lun^s 
gently. The debris and stones, if any, will be removed. 
More water will be added and the suspension will be 
vigorously stirred, then left undisturbed for about 15 
seconds for allowing heavy soil particles to settle 
down. This suspension will now be passed through a 25 
mesh sieve to another bucket. More water will be added 
to the bucket 'A' and the above process will be 
repeated. The residue left over the 25 mesh sieve will 
be discarded and the filtrate so obtained will now be 
passed through 400 or 500 mesh sieves. The residue left 
over 400 or 500 mesh sieves will be collected in a 250 
ml beaker with the help of wash bottle. 
The suspension thus obtained will be poured into a 
double layered tissue paper mounted over a coarse 
supporting sieve placed over a 10 cm diameter funnel 
provided with a rubber tube clipped with a stop cock 
containing as much water as that touches only the brim 
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of the sieve. This assembly (Baermann's funnel) will be 
allowed to remain undisturbed for 24 hrs during which 
the motile nematode species will riggle out into the 
water of the funnel. The nematodes suspension thus 
obtained will be collected by opening the stop cock and 
then examined for nematode species under stereoscopic 
microscope. 
ISOLATION OF FDNGI FROM RHIZOSPHERE OP COWPEA SEEDLINGS 
Cowpea seeds after bacterization will be sown in 
naturally infested garden soil with reniform nematode. 
Soil around the root zone will be collected after 
10,20,30,45 and 60 days of sowing of seeds and will be 
brought to the laboratory under sterile conditions. The 
radicle and roots will be shaken on a petridish to get 
rid of the superfluous roots. Isolation of fungi will be 
done by warcup's soil plate method. 
The excess amount of soil adhering to the roots 
will be removed by shaking the root system. The soil 
thus obtained will be thoroughly mixed. Soil (one 
microspatula) will be transferred to 100 mm diameter 
petriplate to which 15-20 ml of sterilized, melted and 
cooled Potato-Dextrose-Agar (PDA) will, later, be 
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poured. Ten plates will be poured for each satt^ jle. The 
plates will be incubated at 28 i 2° C. Fungi growing 
after 5-6 days of incubations, will be identified and 
pure culture will be made. The frequency of fungi will 
be determined as follows : 
No.of colony of a particular fungus 
Frequency {%) = x 100 
Total no. of colonies of all the fungi 
The known fungi pathogenic to cowpea will be 
tested for their interaction with reniform nematode in 
disease complex. Some saprophytic fungi known for 
antimicrobial properties will also be tested for their 
effect on interactions between the two-nematode and the 
fungus. 
EFFECT OF INOCULUM LEVELS OF DIFFEREHT FUNGI ON SEEDLING 
EMERGENCE AND GROWTH OF PLANTS 
Fifty treated seeds of every treatment will be 
sown in 1 kg sterilized soil contained in 15 cm 
earthenware pots. The soil will be inoculated with 
different (saprophytic/pathogenic) fungi separately at 
the rate of 0.5, 10 and 2.0 gm mycelium per kg soil. 
Seedling emergence will be recorded after 5,7,10,12,15 
and 20 days. The seedling emergence in uninoculated soil 
will serve as control. The plates will be incubated at 
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25°.C. After 20 days, the seedlings will be uprooted and 
growth of plants will be determined. 
Of the different fungi known for their pathogenic 
capabilities-one will be selected for further studies. 
Most probably Rhizoctonia solani which causes severe 
damage to cowpea will be selected for interaction 
studies. 
Out of different saprophytic fungi tested 
Trichoderma viride and Trichothecium roseum if isolated 
from the rhizosphere will be selected for their effect 
on the interaction of nematode with R. solani. Otherwise 
any other fungi known for antimicrobial properties will 
be selected. 
EFFECT OF DIFFERENT IMOCULDM LEVELS OF R. reniformis ^ 
SEEDLING EMERGENCE AMD PLANT GROWTH 
The details of the experiment will be the same as 
above except that in place of fungi, the soil will be 
inoculated with 100, 1000 and 10,000 larvae of the 
nematode. 
Economic or damaging threshold will be determined 
for different fungi and the nematode. 
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EFFECT OF INOCOIATION OF PLMITS WITH NEMATODE AND FUNGUS 
TOGETHER 
The seeds after bacterization will be sown in the 
soil infested with R. reniformis and the fungus -
sequentially and simultaneously at the economic 
threshold levels. Seedling emergence will be recorded 
after 5,7,10,12,15 and 20 days. The growth of seedlings 
will be determined. 
Later one week old seedlings of cowpea raised in 
the manner described earlier will be inoculated with the 
damaging threshold of the inoculum of fungi and 
nematodes together-simultaneously and sequentially. 
After 60 days of inoculation growth of plants will be 
determined. 
Seeds will also be sown in soil infested with the 
saprophytic fungi and the pathogenic fungus and nematode 
as follows -
Nematode 
Fungus A 
Fungus B 
Fungus P 
Nematode + Fungus A 
Nematode + Fungus B 
Nematode + Fungus P 
Nematode + Fungus A + B 
Nematode + Fungus A + P 
Nematode + Fungus B + P 
Nematode + Fungus A + B + P 
Uninoculated (Control). 
The inoculum levels will be at an economic 
threshold. The data will be recorded as above. Similarly 
one week old seedlings will also be inoculated as per 
above scheme. The inoculation of organisms will be 
simultaneously done. 
In another set, the seeds will be sown or 
seedlings will be inoculated sequentially-nematode prior 
to inoculated with fungus/fungi and Vice-Versa. 
EFFECT OF CULTURE FILTRATE OF SAPROPHYTIC/PATHOGENIC 
FUNGUS ON THE MORTALITY OF THE LARVAE OF R.reniformis 
The culture filtrate of the fungi obtained in the 
manner described earlier (page 31-32). 
The filtrate will be termed as 'S' (Standard = 
100%) . It will be diluted with required amount of 
sterile distilled water to obtain S/10 (1%), S/100 
(0.1%) and S/1000 (0.01%). 
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Hundred young infected females of R. reniformis 
w i l l be t r a n s f e r r e d t o 10 ml of each of the 
concentrat ions of cu l tu re f i l t r a t e contained in 40 mm 
pe t r id i shes (Alam et. a l ; 1973). After 12,24,48,72 and 96 
hours the number of nematode larvae tha t had immobilized 
w i l l be counted and pe rcen t m o r t a l i t y w i l l be 
de termined. The immobilized l a r v a e w i l l again 
t r a n s f e r r e d in d i s t i l l e d water t o a s c e r t a i n t h e i r 
mor ta l i ty . Morta l i ty of larvae in water w i l l serve as 
cont ro l . 
No. of larvae immobilized 
Mortal i ty (%) = x 100 
Total no. of larvae t r ans fe r r ed 
NEMATODE PENETRATION 
The nematode infested seedlings will be placed in 
a beaker containing 0.1% cotton blue in lactophenol. The 
beaker will be placed on flame till the contents simmer. 
The roots after having stained will be cleared in 
lactophenol for 24 hours. The roots will then be 
examined under the microscope and the number of larvae 
penetrated will be counted and percentage will be 
calculated. The roots of other plants in the same 
treatment will be macerated in a blender for 5 seconds. 
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It will be passed through a coarse sieve, and the nuniber 
of larvae in various stages will be counted. The 
percentage of larvae will be determined. The data of 
both the studies will be compared. 
EFFECT OF DIP TPg&T>ng»|T OF SEEDLINGS IN TWW rTTT.TORE 
FILTRATE OF FDNGI ON PENETRATION OF NEllATODE. 
The seedlings raised (one week old) as mentioned 
above will be dipped in different concentrations of the 
culture filtrates of fungi for 10,20,30,45 and 60 
minutes. The seedlings will be transplanted in soil 
infested with the nematode (10,000 larvae/kg soil). 
After 2,4,6,8,10 and 15 days the seedlings will be 
uprooted and washed under running water. The seedlings 
will be killed in FA (4:1) and stained with cotton blue 
as indicated above. The percentage of larvae penetrated 
will be calculated. 
RECORDING OF DATA 
Throughout the studies the pots after inoculation 
will be arranged in randomised manner in the green 
house. After 60 days of inoculation the growth of plants 
in terms of length and fresh/dry weights will be 
determined. The plants will be dried in an oven running 
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at 60° C for 24 hours. After cooling, the dry matter will 
be weighed and the reduction in growth in terms of dry 
weight would ca lcu la ted . Final populat ion of the 
nematode in so i l wil l be determined on the l i n e s 
indicated above. There will be five repl icates for each 
treatment. The data will be subjected to s t a t i s t i c a l 
analysis. 
^ c6'tiO'f^%ci,fi^^(fr 
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